It is clear that different Symbiodinium types vary in their impact on 1 0 8 holobiont physiology because of variation in their stress tolerance and 1 0 9 ability to produce and transfer photosynthates to the coral host under 1 1 0 differing light, temperature and nutrient regimes [28, [32] [33] [34] [35] [36] . Moreover, 1 1 1 environmental stressors may bring about shifts in the dominance of different 1 1 2 Symbiodinium types, in some cases benefiting the host under the altered 1 1 3 conditions [37, 38] . The extent of a coral's flexibility to acquire resilient 1 1 4 types or shuffle symbionts may be genetically regulated, for example by 1 1 5 heritable host immune responses, similar to those that shape symbiont 1 3 >15 contrast markedly with high abundances of the two D-types in the same The availability of a full larval pedigree for Seriatopora hystrix 2 9 9 (ShA) [49] provided a unique opportunity to evaluate the relative 3 0 0 contributions of heritability (i.e., the degree to which variability in a trait is we show that Symbiodinium communities associated with larvae of S. experimental evidence that at least a portion of the Symbiodinium 3 0 7 community is horizontally transmitted in a brooding coral. Such paradigm- Symbiodinium communities among larvae of the same maternal brood were 3 1 7 due to gene(s) inherited by these larvae. Heritability estimates reveal important information about the 3 2 0 evolvability of a trait, such as the capacity of brooding corals to vary their 3 2 1 symbiont communities in response to changing environmental conditions. If greater than that of our heritability estimate, it is unlikely that heritability 3 3 7 (i.e., genetic regulation) for this trait will resolve to be much greater with 3 3 8 increased sampling effort (~0.5-0.6, Figure S2 ). The moderate levels of 3 3 9 genetic regulation (i.e., heritability) found here suggest that S. hystrix (ShA) 3 4 0 has some capacity to respond to changing environmental conditions. Thus, juveniles hosted multiple symbionts in their study, they did not find 3 6 4 differences in diversity between S. pistillata adults and larvae [20] . Mounting evidence for mixed-mode transmission across phyla 3 8 0 suggests that it may be evolutionarily advantageous to compromise between 3 8 1 completely vertically-and horizontally-acquired symbiont communities, as 3 8 2 both strategies provide distinct advantages and disadvantages [14, 20] . In S. adapted to the parental environment is likely to provide benefits for a 3 8 5 species that is able to self-fertilize [49, 59] and has highly localised larval host, like bleaching in corals [38] or wasp parasitism in insects [9, 63] . Thus, 3 9 1 a mixed-mode strategy that results in superinfections of multiple symbionts 3 9 2 can be beneficial [e.g., parasitoid protection in aphid hosts, 9,19] and may 3 9 3 provide more flexibility for adjusting to variable environmental conditions. Similarly, a mixed mating strategy of selfing and outcrossing in S. hystrix 3 9 5 (ShA), combined with a functional nutritional symbiosis upon release, may 3 9 6 facilitate both local and long-distance dispersal [49] . Our findings confirm 3 9 7 that diversity and flexibility in Symbiodinium transmission are greater than 3 9 8 previously thought, highlighting the potential for evolvability that may 3 9 9 confer greater resilience than coral species with strict vertical transmission. unknown. Indeed, it is possible that they represent non-symbiotic, free- in symbiosis. Further work is needed to determine how many of these OTUs The immune system is an obvious mechanism by which the host Symbiodinium establishment in corals [72, 75, 76] and observed in the Hydra/bacteria symbiosis [73, 77] . Symbiodinium types, rather than an adaptive response. As the coral immune 4 5 5 system matures over time [78, 79] , it is possible that a winnowing process Symbiodinium and bacteria) is common in both vertically-and horizontally- transmitting cnidarian species [20, 21, 26, 27, [29] [30] [31] [80] [81] [82] [83] [84] . The low level of found in this study could be important for structuring in hospite 4 9 5
Symbiodinium diversity, and may be partly responsible for the variability retain the flexibility to associate with novel symbionts across generations.
0 8
Unexpectedly, our results reveal a mixed-mode transmission strategy for 5 0 9
establishing Symbiodinium communities in larvae of a brooding coral, based 5 1 0 on demonstrations that novel and unique Symbiodinium types are found in 5 1 1 brooded larvae but not in adults. Importantly, this information aligns communities may be targeted for intervention strategies to increase reef 5 1 7 resilience. The common, hermaphroditic coral Seriatopora hystrix broods sexually-5 2 2 produced larvae following internal fertilization of eggs by sperm from surrounding colonies [49, 91] . DNA extracts of planula larvae for the present 5 2 4 study were selected from samples that were collected in an earlier study to 5 2 5 assess sperm dispersal distances and larval parentage of a cryptic species 5 2 6 within the S. hystrix species complex, specified as S. hystrix (ShA) [49, 92] . and Table S1 ). Symbiodinium communities of adults and larvae were quantified with 5 4 0 amplicon sequencing of the ITS-2 locus using the same DNA extractions 5 4 1 that had been used to assign microsatellite genotypes and paternity in (which included the nine maternal colonies), plus all larvae whose paternity Raw reads (total = 6,875,177) were analysed using the USEARCH and to describe Symbiodinium diversity, including some using next generation 5 5 8
sequencing (e.g., [22, 95, [97] [98] [99] [100] . Additional steps were taken to assess the 5 5 9 presence and impact of intragenomic variants (further explained below). Montipora capitata. PLoS One. 2012;7: e38440. Transmission mode predicts specificity and interaction patterns in Adaptive pathways of coral populations on the Great Barrier Reef. thermal stress tolerance in the reef building coral, Acropora palmata. Fluorescence of coral larvae predicts their settlement response to 8 5 0 crustose coralline algae and reflects stress. Proc R Soc B Biol Sci . connectivity in a brooding reef coral at the limit of its distribution. Bleaching susceptibility and mortality of corals are determined by 8 9 0 fine-scale differences in symbiont type. Proc Natl Acad Sci. 
